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HYDROCARBON AND NONHYDROCARBON DERIVATIVES OF CYCLOPROPANE 


By VERNON А. SLABEY, Paut Н. Wiss, and Louis С. GIBBONS 


SUMMARY 


The methods used to prepare and purify 19 hydrocarbon 
derivatives of cyclopropane are discussed. Of these hydro- 
carbons, 18 were synthesized for the first tume. In addition to 
the hydrocarbons, six cyclopropylcarbinols, five alkyl cyclo- 
propyl ketones, three cyclopropyl chlorides, and one cyclo- 
propanedicarboxylate were prepared as synthesis intermediates. 

The melting points, boiling points, refractive indices, densi- 
ties, and, in some instances, heats of combustion of both the 
hydrocarbon and nonhydrocarbon derivatives of cyclopropane 
were determined. These data and the infrared spectrum of 
each of the 34 cyclopropane compounds are presented herein. 

The infrared absorption bands characteristic of the cyclo- 
propyl ring are discussed, and some observations are made on 
the contribution of the cyclopropyl ring to the molecular refrac- 
tions of cyclopropane compounds. 


INTRODUCTION 


The synthesis and purification of cyclopropane hydro- 
carbons was begun at the NACA Lewis laboratory in 1944 in 
order to provide high-purity samples of substituted cyclo- 
propanes for an investigation of the effect of molecular 
structure on combustion characteristics and other properties 
pertinent to research on fuels for aircraft propulsion systems. 
The present report summarizes the research pertaining to 
the synthesis of 19 hydrocarbon and 15 nonhydrocarbon 
derivatives of cyclopropane. 

Few general methods for preparing bydrocarbons which 
contain the cyclopropyl ring are known. The method of 


Gustavson, which involves the reaction of a,y-dibromides : 


with zinc dust in a protonic solvent, has frequently been used 
(refs, 1 to 6): 


Zn 


r r CB; 
СН,Вг CH, CB; 
Zn LUPA 
OH;—C—CH; —— p 
Н.Вг H: СН; 


A modification of the Gustavson reaction, in which mag- 
nesium reacted in tetrahydrofuran with an a,y-dichloride, 
was recently used to prepare methylenecyclopropane (ref. 7): 
CI—CH4 ^ ie 
s: eel | с=он, 
CI—C Н, 


2 


The pyrolysis of pyrazolines has also found limited use for the 
preparation of certain cyclopropanes (refs. 8 to 11): 


СН, СН; CH; СН, 
$ Я Se^ 
Ho” Nya = [Mie 
dian “” s 


A method reported by Whitmore and co-workers (refs. 12 
to 15) involves the removal of hydrogen halide from alkyl 
halides in which the halogen atom is one carbon removed 
from а quaternary carbon atom: 


CH; N т ye 
З a 
H3 Н, CH, 


In each of these methods the cyclopropane ring is formed 
during the reaction. 

Another approach to the synthesis of cyclopropane hydro- 
carbons is that which involves the conversion of nonhydro- 
carbon derivatives of cyclopropane to the corresponding 
hydrocarbon derivatives. For example, some of the carbinol 


` derivatives of cyclopropane have been dehydrated with acidic 


catalysts to the corresponding cyclopropylalkenes (refs. 16 
to 20): 


CH; CH; CH; CH; 
78-758 ——À LIN 
2 H Я, 


Exhaustive methylation of cyclopropylcarbinylamines also 
has been reported to yield cyclopropylalkenes (ref. 21): 


CH, 


[onton kaal 
So мн, 
CH; | СН. 
P ag ite See ыы 
1 (он) ^ 3 


In an analogous manner, cyclopropene has been prepared 
from cyclopropylamine (ref. 22). For the preparation of 
: 8l 


í 


82 
certain cyclopropylalkanes, the Wolff-Kishner reduction of 
cyclopropyl ketones has been used (refs. 23 to 25): 

WS N.H 

| CH—C—CH, — 


2 
i ie KOH IN 
нки =, | CH—CH,—CH; 
Н» 


The usefulness of all the reactions described is limited by © 


the availability of starting materials. With few exceptions; 
the o,y-dibromides for the Gustavson reaction, the pyra- 
zolines, the halides suitable for hydrogen halide elimination 
reactions, and the nonhydrocarbon derivatives of cyclopro- 
pane are not commercially available. Consequently, cyclo- 
propane hydrocarbons generally have been prepared only in 
limited research quantities. With the exception of cyclo- 
propane itself, which has been used as ап anesthetic, none of 
the cyclopropane hydrocarbons are available commercially. 

The announcement during World War П of the commercial 
availability of methyl cyclopropyl ketone coincided with the 
interest of the Lewis laboratory in the preparation of cyclo- 
propane hydrocarbons. It was believed that this nonhydro- 
carbon derivative of cyclopropane could be used to prepare 
& series of cyclopropane hydrocarbons in the following 
manner: The ketone was known to react with Grignard re- 
agents to give methylalkyleyclopropylearbinols (refs. 26 


and 27): 
ү ме ike СН} 
| CH—C-—CH; ые, | CH—C--R 
2 2 H 


[R, hydrocarbon radical; X, halogen atom] 

By using different R—X compounds for the preparation of 
R—Mg-—X, the length and the degree of branching of the 
hydrocarbon chain could be varied. The methylalkylcyclo- 
propylcarbinols were known to dehydrate in the presence of 
acid catalysts to the cyclopropylalkenes (refs. 16 to 20), al- 
though the practicability of the reaction as a synthesis 
method had not been established: 


CH; CH; CH. CH, сн, CH; 
= = — | сив ЕА ро 
#, bu 2 H: 


The selective hydrogenation of the cyclopropylalkenes to the 


corresponding cyclopropylalkanes had not been investigated; . 


but it was believed that by proper selection of catalyst, tem- 
perature, and pressure, the desired hydrogenation could be 
accomplished: 


СН. CH: 
N 
CH—C—R 
Н, | 
or 
СН. CH; CH. CH; 
CH—CH—R 


2 2 


LM 8 |; 
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(Coneurrently with the present research, the authors of refs. 
28 and 29 attempted the, catalytic hydrogenation of 2-cyclo- 
propylpropene and vinylcyclopropane. The catalyst and 
the reaction conditions employed by them yielded the cor- 
responding cyclopropylalkanes but also gave considerable 
amounts of paraffinic hydrocarbons.) 

A total of 12 cyclopropylalkenes and 5 cyclopropylalkanes 
were prepared in this manner from methyl, cyclopropyl 
ketone: | 

By dehydration of &lkylcyolopropylearbinols.— 
Vinyleyclopropane = 
2-Cyclopropylpropene 
2-Cyclopropyl-1-butene 
2-Cyclopropyl-1-pentene 
2-Cyclopropyl-1-hexene 
2-Cyclopropyl-3-methyl-1-butene 
2-Cyclopropyl-2-butene (l. b.) í 
2-Cyclopropyl-2-butene (h. b.) 
2-Cyclopropyl-2-pentene (l. b.) 
2-Cyclopropyl-2-pentene (h. b.) 
2-Cyclopropyl-2-hexene (l. b.) 
2-Cyclopropyl-2-hexene (h. b.) 

(The abbreviations 1. b. and h. b. denote the low-boiling and 
the high-boiling geometrical isomers, respectively.) 

By hydrogenation of cyclopropylalkenes.— 
2-Cyclopropylpropane 
2-Cyclopropylbutane 
2-Cyclopropylpentane 
2-Cyclopropylhexane 
2-Cyclopropyl-3-methylbutane 

Of these 17 hydrocarbons, 12 were prepared for the first time. 

In addition to the hydrocarbons, six cyclopropylcarbinols 
were obtained as synthesis intermediates, and five cyclo- 
propyl ketones were obtained from the ozonization of the 
2-cyclopropyl-1-alkenes: 

Cyclopropyloarbinols from Grignard reactions.— 
Dimethyleyclopropylcarbinol 
Methylethylcyclopropylcarbinol 
Methylpropylcyclopropylcarbinol 
Methylisopropyleyclopropylcarbinol 
Methylbutylcyclopropylcarbinol 

Cyclopropyl ketones from ozonization of 2-cyclopropyl- 
l-alkenes.— i 

Methyl cyclopropyl ketone 
Ethyl cyclopropyl ketone 
Propyl cyclopropyl ketone 
Isopropyl cyclopropyl ketone 
Butyl cyclopropyl ketone 

Cyclopropylearbinolfrom reduction of cyclopropyl ketone. — 
Methyleyclopropylearbinol 

Two other cyclopropane hydrocarbons, spiropentane and 
the smallest of the dicyclic hydrocarbons, dicyclopropyl, 
were prepared in the present investigation. Spiropentane 
was obtained from the debromination of pentaerythrityl 
tetrabromide, which was accomplished in & manner similar 
to that described by Hass and co-workers for preparing 
cyclopropane (ref. 30): 


$ 
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BrCH; CH,Br CH, CH, 
NL Zn N 
Z N Nal, NaCO 8 
BrCH, `CH,Br | : Я, H, 


The preparation of dicyclopropyl involved the photochemical 
chlorination of cyclopropane (ref. 31) and the reaction of one 
of the chlorination products, cyclopropyl chloride, with 
lithium in ether: 


CH, СН. 

[om + Cl — LN 
Я, Я, 

а i iS 4 
CH—Cl —— CH—C 

em c [or 


From the photochemical chlorination of cyclopropane, 
two other cyclopropyl chlorides were isolated, namely, 
1,1-dichlorocyclopropane and trans-1,2-dichlorocyclopropane. 

Melting points, boiling points, refractive indices, densities, 
and, in some instances, heats of combustion of the hydro- 
carbon and nonhydrocarbon derivatives of cyclopropane 
which were either prepared for the first time or isolated in a 
higher state of purity than heretofore were determined. The 
infrared spectra of the 34 cyclopropane compounds were also 
determined, and each of the spectra is presented herein. 
Some observations on the molecular refraction of cyclopro- 
pane compounds are included in the report. 


APPARATUS 


The Grignard reactions were carried out in either a 10- 
ог а 30-gallon glass-lined reactor which was double-walled 
so that the reaction temperatures could be controlled by 
passing steam or cold or hot water between the inner and 
outer walls. The reactors were equipped with efficient 
motor-driven stirrers, high-capacity reflux condensers, and 
stainless steel tanks from which liquid reactants were fed by 
gravity into the reactors. 


The column used in dehydrating some of the cyclopropyl-' 


carbinols consisted of а 2.5- by 90-centimeter pyrex tube 
which was filled with 8 to 14 mesh alumina and heated by 
resistance-element tube furnaces. Temperatures of the 
furnaces were controlled by manual adjustment of variable 
transformers between*the furnaces and the laboratory power 
supply. Column temperatures were read from an indicating 
potentiometer connected to thermocouples which were held 
' jin place against the outer walls of the pyrex dehydration 
tube by means of copper strips. A bellows-type pump was 
used to force the liquid carbinols into the top of the column; 
the vaporized products issuing from the bottom of the column 
were condensed by a water-cooled spiral condenser and 
collected in a flask at room temperature. The flask in turn 
was connected to a trap chilled with solid carbon dioxide 
and acetone, so that products volatile at room temperature 


could'also be collected. A sketch of the assembly is shown 
jn figure 1. . 
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FIGURE 1.—Apparatus used in dehydrating cyclopropylcarbinols over alumina. 


The hydrogenation reactions were conducted in high- 
pressure steel autoclaves of 1-, 3.4-, and 4.4-liter capacities. 
The autoclaves were equipped with rocker-type shaking 
mechanisms, resistance heaters, thermocouples and potenti- 
ometers for determining reaction temperatures, and аррго- 
priate valves, pressure gages, and high-pressure lines for 
introducing hydrogen into the vessels. 

Fractional distillation columns were used in the purification 
of intermediates and final products. For fractionations at 
reduced pressures, 2.5- by 180-centimeter pyrex columns, 
which were packed with X.-inch single-turn glass helices, 
were used. Columns 2.2 by 180 centimeters, packed with 
X-inch single-turn glass helices, were used for fractionations 
of those intermediates which could be distilled at atmospheric 
pressure and for the initial fractionations of the hydrocarbons. 
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For final purification of the hydrocarbons, 2.5- by 180 


centimeter Podbielniak columns, operated at efficiencies in: 


excess of 150 theoretical plates, were employed. 

The ozonization apparatus, used in the identification of cy- 
clopropylalkenes, was similar to that described in reference 32. 
A 0.25 kilovolt-ampere transformer with an input of 120 
volts and an output of 25,000 volts was used to supply 
the necessary potential to the electrodes of the ozonizer 
tube. 

The apparatus for the photochemical chlorination of 
cyclopropane was essentially the same as that described in 
reference 31 except that the recycling system was eliminated. 
The reactor was constructed of 0.7-centimeter pyrex tubing 
which was bent to form a planar grid; total length of the 
tubing was 470 centimeters. The reactor was illuminated 
by two G. E. type-RS sun lamps placed directly in front of 
the grid and mounted so that their distance from the grid 
could be varied. The scrubbing towers for removing the 
hydrogen chloride and the chlorine from. the reaction prod- 
ucts were constructed of 0.45- by 122-centimeter pyrex 
tubing and were packed with X-inch Berl saddles to increase 
the contact area. ‘The flowmeters in the system were used 
primarily to check the constancy of gas flows; quantities of 
reactants were measured by loss in weight of the gas cylinders. 
A sketch of the apparatus is shown in Ё. 2. 


H,O-4 Ni ү” 
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FIGURE 2.—Аррагашз used for photochlorination of cyclopropane. 


The infrared spéctrophotometer used in determining the 
infrared spectra of the bydrocarbon and nonhydrocarbon 
derivatives of cyclopropane was a Baird Associates double- 
beam recording spectrophotometer equipped with a sodium 
chloride prism. Liquid sample cells of 0.1-millimeter thick- 
ness were used, and the spectra of undiluted samples and 
also of samples diluted with either carbon tetrachloride or 
carbon. disulfide were obtained. 


DISCUSSION OF SYNTHESES 


Descriptions of the syntheses have been generalized in the ` 


following discussion; for detailed descriptions of each syn- 


thesis, the reader is referred to the synthesis reports pre- 
viously published (refs. 33 to 39). 


ALK YLCYCLOPROPYLCARBINOLS 


Methyleyclopropylcarbinol.—Five-mole quantities of 
methyl cyclopropyl ketone were reduced by four methods: 
(1) with sodium metal in 75-percent ethyl alcohol, (2) with 
lithium aluminum hydride in ether, (3)-with hydrogen in 
the presence of Raney nickel catalyst, and (4) with hydrogen 
in the presence of copper chromite catalyst. The reactions 
and products are summarized in the following table (ref. 33): 


Moles of | Reaction] Moles of | Yield of | Yield of 
Reducing agent reducing jtempera-| ketone арш, сао -2, 

recove percent rcont 
Naandaqueous alcohol....| 14 None 0 
ПА ее None 76 0 
Н:-Вапеу NL............- 0. 55 30 
Н:-соррег chromite........].-.--do....... None 90 0 
DO Ею ИРАН 5 ee do....... Nono 0 
DO. ОВ А НЕВЕ Р НИЗА do....... Nono 70 0 


These data show that of the methods investigated, the hydro- 
genation of methyl cyclopropyl ketone in the presence of 
copper chromite catalyst was the most satisfactory for pre- 
paring methylcyclopropylcarbinol. The reduction with 
lithium aluminum hydride was also acceptable for preparing 
small quantities of the carbinol, although the yields were 
not so high as those obtained catalytically with copper 
chromite. Neither the reduction with sodium nor that with 
Raney nickel was satisfactory because of the low yields of 
carbinol obtained and also, in the latter method, because of 
the formation of a close-boiling impurity, pentanol-2. 


Methylalkylcyclopropylcarbinols.—The methylalkylcyclo- 
propylearbinols were prepared in ether by the reaction of 
methyl cyclopropyl ketone with the Grignard reagents of 
appropriate alkyl halides. In general, the Grignard reagent 
was prepared (in 2 to 5 percent excess) by adding the alkyl 
halide to a suspension of magnesium metal in ether, then 
adding the ketone to the Grignard reagent, and finally 
hydrolyzing the products of the reaction with saturated 
aqueous ammonium chloride solution. The quantities of 
reactants and the yields of the carbinols are summarized in 
the following table: 


Yield 


MOON Cyclopropylearbinol | peregri | Roferenco 
150 ӨШУ] EAM 04 34 
2 Methylethyl............ 77 34 
150 Methylpropyl........... 51 34 
97 Methylbutyl............ 62 84 
120 Methyllsopropyi; мари 51 35 


Because no attempt was made to determine the reaction 
conditions necessary for optimum yields of the carbinols, 
any relations existing between yields of the carbinols and 
their structures could not be deduced. 


Halogenated impurities were found in all the carbinols. 


‘It has been suggested (ref. 28) that the use of an excess of 


ammonium chloride in the hydrolysis of the Grignard 
product is responsible for the halogenated impurities. 


85 


carbinol, the halogenated impurity was isolated and the 
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The infrared spectrum of the im- 


СНК”) rather than a cyclopropane deriva- 
imilar structure was obtained when dimethyl- 


cyclopropylcarbinol was treated with hydrogen halide 


(ref. 40). 


& 8 
The halogenated impurities were removed from 


2 


elemental analysis of it corresponded not to a chloride, but 
The impurity was presumed to be 1-bromo-4-methyl- 


to a bromide, C;H3Br. 
droxide, removing the precipitated sodium halide by extrac- 


tion with water, and fractionating the carbinol at reduced 


the carbinols by refluxing them with alcoholic sodium hy- 
pressure. 


purity indicated the basic structure to be that of a type IV 


olefin (R,R/C 
tive. 
3-hexene; 


| mu 
сасанинияаБаайра 
PSST NS 
Lem TELE RET ET TT eT 


side reaction which yields the halogenated impurities, a 
simple metathesis of the carbinols and the ammonium 


chloride does not appear to be the source of the impurities. 
For example, in the preparation of methylethylcyclopropyl- 


Although ammonium chloride may affect the extent of the 


‚ The physical properties ‘of the cyclopropylearbinols are 
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curves could not be obtained. 


е Formed glasses. 


CYCLOPROPYLALKENES 
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The cyclopropylalkenes were prepared by dehydrating the 


The infrared spectra of the cyclopropylcarbinols are shown 
appropriate alkyl- 


in figure 3; characteristic absorption for the hydroxyl group 
is observed between 2.8 and 3.0 microns and for the cyclo- 


propyl group, between 9.75 and 9.80 microns. 
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C. А sketch of the apparatus is shown in 
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figure 1. 


Alumina.—T he carbinol (in some cases, dissolved in tol- 
uene) was passed at & rate of 5 to 10 milliliters per minute 


methods of dehydrating the carbinols were investigated: 
through & 2.5- by 120-centimeter pyrex tube which was 
packed with 8 to 14 mesh alumina and heated to between 
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The yields of products and the reaction conditions for the 
dehydration of methylcyclopropylcarbinol are summarized 


in the following table (ref. 36): | 
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approximately equal volume of toluene, and the solution 


In each of these experiments the carbinol was dissolved in an 
was passed through the dehydration column. 


12 


ТАРЕ Е ЕТІ 
ШАН 


10 


pa YAN 


8 
Wavelength, microns 


(а) Methyloyclopropylearbinol. 


(e) Methylisopropylcyclopropylearbinol. 


(f) Methylbutylcyclopropylcarbinol. 
Fiaure 3.—Infrared spectra of cyclopropylearbinols. Liqnid phaso; 0.1-millimeter cell. 


(с) Methylothylcyclopropylearbinol. 


(d) Methylpropylcyclopropylcarbinol. 


(b) Dimethyloycloprópylcarbinol. 
Upper trace, diluted 1:10 with carbon tetrachloride; lower trace, undiluted. 


~~ 
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It can be seen from the data presented in the table that 
although increasing the temperature from the range 265° to 
280° C to the range 285° to 300° C increased the yields of 
products to some extent, the change in rate of introducing 
the solution of carbinol into the dehydration column had a 
much greater effect on the yields of products. At the lower 
rate the yield of vinylcylopropane was significantly reduced, 
and the yields of other products except the tetrahydrofuran 
and isoprene were increased. ‘The decomposition and isom- 
erization of vinylcyclopropane in the presence of alumina 
has not been investigated; therefore, it is not known whether 
the increase in the yields of propene and 1,3-pentadienes at 
the lower rate is caused by decomposition and isomerization 
of vinylcyclopropane ог by isomerization of the methylcyclo- 
propylcarbinol and subsequent dehydration of the resultant 
carbinol. 

Several methylalkylcyclopropylcarbinols were also de- 
hydrated by passing the pure carbinol or, in the case of 
dimethylcyclopropylearbinol, a toluene solution of the car- 
binol, over alumina at a rate of 5, milliliters per minute and 
at temperatures between 200° and 250° C. With the excep- 
tion of dimethylcyclopropylcarbinol, the dehydration of all 
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FIGURE 4.—Distillation of products from dehydration of methylalkyleyclopropylcarbinols. 
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the methylalkylcyclopropylcarbinols investigated gave mix- 
tures of 2-cyclopropyl-1- and 2-alkenes. Dimethylcyclo- 
propylearbinol gave in addition to 2-cyclopropylpropene 
small amounts of methylpentadienes and 2,2-dimethyltetra- 
hydrofuran. "The yields of 2-cyclopropylalkenes from each 
of the carbinols are given in. the following table: 


Column 


О pyl- |+етрег-| СусІоргору1- | Yield, 1- edi Refer- 
сагЬ шо! aturo, alkene percent Оусоргоруі- опсо 


Dimethyl......| 200-250 | 2-Cyclopropyl BT. quxit2kesiessiceee|ee menu 34 
горепе. i 

Methylethyl--- 200-250 | 2 Оо 82 2-Сусюргору]- 34 
1-butene. uteno. 

Methylpropyl- 225-250 2-Cyclopropyl- 30 усов 34 
1-рещепе. 2-pentene, 

Methylbutyl-.| 225-250 | 2- propy 41 2 OTOODIODSI- 34 
1-пехепе. 2-hexene. 

Methylisopro-| 200-250 | 2-Cyclopropyl- 64 | 2-Cyclopropyl- 85 

pyl- 3-mmethyl-l- àmethyl-2- 
butene. buteno. 


These data indicate that in general the yields of the 
2-cyclopropyl-1-alkenes increase as the length of the alkyl 
chain increases, while the yields of the 2-cyclopropyl-2- 
alkenes decrease. The presence of branching at the carbon 
adjacent to the hydroxyl group also increases the yield of 
the l-alkene and decreases the yield of the 2-alkene. 

Sulfuric acid.—In the dehydrations of the methylalkyl- 
cyclopropylcarbinols with concentrated sulfuric acid, 6 to 
10 moles of the carbinol with 0.4 to 0.8 milliliters of acid 
was heated to reflux in a flask attached to a 2.2- by 160- 
centimeter fractionating column which was packed with 
¥-inch glass helices. The dehydration products were re- 
moved through a distilling head at the top of the column 
as they formed. The only products obtained by this 
method were the 2-cyclopropyl-l- and 2-alkenes. The 
quantities of reactants and the yields of products are sum- 
marized in the following table (ref. 34): 


Car- 
Ortloprongk bínol, 
moles 
tmethyl-.......-. 6 
УЕ. А 8 


uae 8 


From these data the length of the alkyl chain does not 
appear to have a significant effect on the yields of the 
2-cyclopropyl-1- and 2-alkenes. 

A dependence of the yields of products on the method of 
dehydrating the methylalkylcyclopropylcarbinols is illus- 


‘trated by the distillation data presented in figure 4. In 


the case of dimethylcyclopropylearbinol, the dehydration 
with sulfuric acid yielded only the 2-cyclopropylpropeno, 
whereas the dehydration "with alumina also gave small 
quantities of & product of higher refractive index (probably 
methylpentadienes) and a product of lower refractive index 
(2,2-dimethyltetrahydrofuran). In the case of the other 
carbinols, the dehydration with sulfuric acid did not give so 
large a proportion of the 2-cyclopropyl-1l-alkene as did the 
dehydration with alumina. 
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. Distillation data are also presented for the products from 
the dehydration of methylcyclopropylcarbinol (fig. 5) and 
for the dehydration of methylisopropylcyclopropylcarbinol 
(fig, 6) with alumina. From methylcyclopropylcarbinol, 
propene and isoprene were obtained at the beginning of 
the fractionation and 1,3-pentadienes and, 2-methyltetra- 
hydrofuran at the end of the fractionation. From methyiso- 
propyleyclopropylearbinol, only the, 1-alkene (2-cyclopropyl- 
3-methyl-1-butene) and a high-boiling residue were obtained. 

With the exception of 2-cyclopropylpropene and 2-cyclo- 
propyl-3-methyl-1-butene, the cyclopropylalkenes were puri- 
fied by azeotropic fractionations with appropriate entrainers 
in the Podbielniak columns after preliminary fractionations 
ot efficiencies of 50 to 60 theoretical plates. Azeotropic 
fractionation was found to be necessary in order to separate 
geometrical isomers and close-boiling impurities from the 
eyclopropylalkenes. In the following table pertinent phys- 
ical properties of the hydrocarbons, the entrainers, and the 
azeotropes are given: 


Oyclopropylalkene 


M ylcyclopropane 
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FIGURE &—~Distillation of products from dehydration of methylcyclopropylearbinol over 
alumina at 265° to 280? O. 
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FIGURE 6.—Distillation of products from dehydration of methylisopropyl- 
| cyclopropylearbinol over alumina. Distillate, 1120 grams. 


The physical properties of the cyclopropylalkenes are 
given in the following table. In those instances in which 
the compound has been previously reported, reference is 
made to the properties obtained by other investigators. 


. 7160 

- 723(18°O) 
* 75153 
.7514 - 

. 74999 

. 76820 


Ref. 
ушр -butene 


(EO propyl-2- -butene 


d m 
2-Oyclopropyl-1- 
ntene. 


2-Byclopropyl-2 2- 
о №. 
tene Я 


2- yelor гору! 3- 
methy!-l-butene 


unless otherwise stated. 
cations were observed. 


«Pressure, 760 mm 
P'T^vo crystalline mo 
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The estimated melting points for zero impurity, the 
depressions in melting points per mole percent of added 
impurity, and the calculated purities of some of the cyclo- 
propylalkenes are given in the following table: 


в Determined by the etrical construction of reference 41. 
b Determined by ade cee amounts of 1-frane-3-pentadiene. 
* Value taken from ref 


Although the purities of only the first two cyclopropylalkenes 
were calculated, it is believed that the purities of the others 


listed in the table are better than 99 mole percent, because 


the differences in the estimated melting points for zero 
impurity and the observed melting points are small. The 
geometrical isomers of 2-cyclopropyl-2-hexene are not in- 
cluded in the table, because the lower-boiling isomer could 
not be crystallized and the melting curve of the higher- 
boiling isomer was not of sufficient duration to make & 
- reliable estimate of the melting point for zero impurity. 


The infrared spectra of the cyclopropylalkenes from 2 to 
16 microns are shown in figure 7. It can be seen that for 
those molecules having a terminal C=C, the absorption for 
the double-bond stretching frequencies occurs at 6.1+0.02 
microns; whereas for those molecules having ап internal 
C=C, the absorption occurs at a lower wavelength, 6.02+ 
0.02 microns. Тһе intensity of the absorption is much 
greater for the terminal double bond than for the internal 
double bond. Characteristic absorption for the cyclopropyl 
ring occurs at 9.78 microns in those molecules having а 
terminal double bond; in those molecules having an interna] 
double bond the absorption for the cyclopropyl ring occurs at 
а slightly higher wavelength, 9.81 microns. 


ALKYL CYCLOPROPYL KETONES 


The alkyl cyclopropyl ketones were obtained as fragmenta- 
tion products from the ozonolysis of the 2-cyclopropyl-1- 
alkenes. The methods of ozonolysis and hydrogenation of 
the ozonide have been described in reference 32. In general, 
the olefin was dissolved in 100 to 150 milliliters of absolute 
alcohol and an oxygen-ozone mixture containing from 5 to 10 
percent ozone was passed through the solution until all the 
olefin had been converted to ozonide. The ozonide solution 
was then transferred to a low-pressure hydrogenation 
apparatus, and the ozonide decomposed with hydrogen in the 
presence of a palladium catalyst to give the alkyl cyclopropyl 
ketone and formaldehyde. The alkyl cyclopropyl ketones 
were identified by their physical properties and by analysis of 
their 2, 4-dinitrophenylhydrazone derivatives. The quanti- 
ties of olefin used, the yields of the alkyl cyclopropyl Ketones, 


and the melting points of the 2,4-dinitrophenylhydrazone 
derivatives are given in the following table: 
Melting point 


Rue of 2,4-dInltro- Refer- 
rcent doo iuri a ence 


Alkyl oyclo- 
propyl ke- 
tone 


Methyl.. 148. 6-149. 2 
һу]. 160. 4-100. 5 
165. 0-105. 5 
y 75 114. 5-115. 0 
Isopropyl... 187. 5-188. 0 


a The structures of the о pyl-2-alkenes were also ved by ozonolysis; only пово 
alkenes mes yielding ovclopropy) tones relisted a á f у 
ed at the boiling temperature of the ketone making It díflleult to 


дек the yield of tho ketone. 


'The infrared spectra of the alkyl cyclopropyl ketones are 
shown in figure 8. АП show strong absorption at 5.9 microns, 
which is characteristic of the carbonyl group. With the 
exception of methyl cyclopropyl ketone, all show character- 
istic absorption for the cyclopropyl ring between 9.75 and 
9.80 microns; cyclopropyl ring absorption in methyl cyclo- 
propyl ketone occurs at a lower wavelength, 9.69 microns. 

2-CYCLOPROPYLALKANES 


The 2-cyclopropylalkanes were prepared by hydrogenating 
the 2-cyclopropyl-l- and -2-alkenes in the presence of a 
barium-promoted copper chromite catalyst. The 1-alkenes 
and 2-alkenes were hydrogenated separately, because the 
position of the double bond was found to affect the ease of 
hydrogenation and the yields of products. In general, the 
olefin, an equal volume of ethanol, and а quantity of the 
catalyst equal to 10 percent of the weight of the olefin were 
put into the hydrogenator, and hydrogen was admitted to 
between 1500 and 1800 pounds per square inch gage. The 
hydrogenator rocking mechanism and the resistance heaters 
were turned on,'and ‘the vessel was heated to 100° C. The 
2-cyclopropyl-1-alkenes hydrogenated readily at this tempera- 
ture, the heat of reaction generally raising the temperature to 
between 120° and 130° C. The 2-cyclopropyl-2-alkenes 
hydrogenated sluggishly even at 130° C, and, in some 
instances, the reaction temperature was increased to as high 
as 175° C in order to obtain more rapid hydrogenation. The 
reaction conditions and the yields of products are summar- 
ized in the following table: 


Reaction condi- 


Olefin tions Estimated composition of products 


2-Cyclo- We ight, 


2-Oyelo- pera. | Нз pres- то Ref- 


sure, propyl- Methylalkano e 

ргору кепе шо, 15/54 ш.| alkane cent | ence 
gage 
-propene....| 100-130 | 1,500 | -propane... oe 2 87 
ntano 

-l-butene....| 100-130 | 1,600 | -butane.... 1 87 · 
-2-butene.___| 110-180 | 1, 500 |----- Обои: T2 "Гесь нае а 15 37 
-l-pentene ..| 100-110 | 1,500 pentane.. 1 37 
teno ..| 120-130 | 1,750 |----- déc 71 |---.--Чо......... а 17 37 
exanb.__{ 100-120 | 1,500 | -hexane..... 1 37 
-2-hexene....| 150-175 | 1,500 |----- ded 179 |--.--@бо.....„..-- e 16 37 
-methyl- | 100-140 | 1,850 | -3-methy! Vlt 1 35 


]-butene 


a Unhydrogenated olefin was found in the product from each of tho 2-alkencs, 


These data and the distillation curves shown in figure 9 
indicate that the hydrogenation of the 2-cyclopropyl-1- 
alkenes yields the corresponding 2-cyclopropylalkanes in 
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(к) 2-Cyclopropyl-2-butene, low boiling. 
(В) 2-Cyclopropyl-2-butene, high boiling. 
(1) 2-Cyclopropy}2-pentene, low boiling: 
0) 2-Oyclopropyl-2-pentene, high bolling. 
(©) 2-Оусюргору!-2-Вехепе, low bolling. ` 


(D 2Oyclopropy}2-herene, high boiling. 
the hydrogenations of the 2-cyclopropyl-l-alkenes. The 


data support the proposal made in reference 28 that systems 
in which a cyclopropyl ring is conjugated with a double bond 


of the paraffinic hydrocarbons would be obtained also from 
can add hydrogen by either a 1 


cer amounts 


lar 


2 


(D +2-Cyclopropyl-3-methyl-1-butene. 


FIGURE 7,—Infrared spectra of eyelopropylalkenes. Liquid phase; 0.1-millimeter cell. Upper trace, diluted 1:10 with carbon tetrachloride; lower trace, undiluted. 


(b) 2-Cyelopropylpropene. 

(c) 2-Oyclopropyl-1-butene. 
(d) 2-Oyclopropyl-1-pentene. 
(e) 2-Cyclopropyl-1-hexene. 


(а) Vinyleyclopropane. 
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purities between 98 and .99 percent, whereas the hydro- 
genation of the 2-cyclópropyl-2-alkenes yields also significant 


quantities of paraffinic hydrocarbons. The paraffinic hydro- 
carbons do not appear to result from hydrogenolysis of the 


cyclopropyl ring, because if this were the case 
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Purifications of the 2-cyclopropylalkanes were considered 


complete when (a) the melting curves of selected samples 
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were interpreted to be indicative of purities of better than 
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- 


Purification of tbe 2-cyclopropylalkanes was difficult in 


those experiments in which methylalkenes were formed, 
because the boiling points of the paraffinic hydrocarbons 
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FIGURE 9.—Distillation of products from hydrogenations of 2-cyclopropylalkenes, 
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FIGURE 8.—Infrared spectra of alkyl cyclopropyl ketones. Liquid phase; 0.1-millimeter cell. 


f 


gnificant changes in refractive 


index and density of the hydrocarbons. 
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99 mole percent, or (b) repeated fractionations and azeo- 


tropic fractionations through columns rated at better than 


tical plates gave no 
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ic mixtures are 


t data for the azeotrop 


following table 


Upper trace, diluted 1:10 with carbon tetrachloride; lower trace, undiluted. 
were within 2° C of the corresponding cyclopropylalkanes. 


` Azeotropic fractionations with appropriate entrainers were 
found to be effective for separating the close-boiling 
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Distillote, percent by weight 


FIGURE 11.—Distillation of products from photochlorination of cyclopropane. 
Total distillate, 8155 grams; residue, 615 grams, 


The infrared spectra of the 2-cyclopropylalkanes are 
shown in figure 10. All the spectra show characteristic 


cyclopropyl ring absorption at 9.82 microns, 


The reaction 


In general, the chloride 


DICYCLOPROPYL 
‘The reaction of cyclopropyl chloride ‘with lithium or 
was dissolved in the reaction solvent and added to а suspen- 


sodium was used to prepare dicyclopropyl. 
was tried with lithium both in methylcyclohexane and in 


sion of the metal in the solvent contained in a flask equipped 
with & stirrer, a reflux condenser, and an addition funnel. 


All reactions were carried out at 25° to 35° C. Other 
reaction conditions and yields of products are summarized 


chlorine atoms are on different carbon atoms (9.58 microns 
in the following table (ref. 38): 


in trans-1,2-dichlorocyclopropane). 
ether, and with sodium in ether. 
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and 20 weight percent of a complex mixture of poly- 
halides which could not be separated by fractional distilla- 


tion. 
The cyclopropyl halides were purified by refractionation 


at efficiencies of 50 to 60 theoretical plates. The physical 
properties of the purified halides are compared in the follow- 


From these data and subsequent fractional distillation data, 
ing table with those values previously reported: 


the following composition of the chlorination products was 
estimated: 52 weight percent cyclopropyl chloride, 24 weight 


percent 1,1-dichlorocyclopropane, 2 weight percent trans-1,2- 
dichlorocyclopropane, 2 weight percent of a compound 
believed from its physical properties to be 1,1,3-trichloro- 


92 
propane, 


16 


14 


12 


98855 


10 


"y 


8 
Wavelength, microns 


. (а) Cyclopropyl chloride. 


(c) trans-1,2-Dichlorocyclopropane. ` 
FIGURE l2.—Infrared spectra of cyclopropyl chlorides. Liquid phase; 0.1-millimeter cell. 
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Upper trace, diluted 1:10 with carbon disulfide; lower trace, undiluted. 


- 4D) 
1-Dichloroc 
The infrared spectra of the three chlormated cyclopropanes 


are shown in figure 12; the absorption band characteristic of 


(ref. 43)... 
(ref. 43 


'Cyd 
ref. 
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1 
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) 
B Freer ng point, °C. 


b At 25° C. 
propane) as the number of chlorine atoms is increased. The 
absorption shifts to even lower frequency when the two 


the cyclopropyl ring is seen to shift from 9.73 microns 
(cyclopropyl chloride) to 9.66 microns (1,1-dichlorocyclo- 


HYDROCARBON AND NONHYDROCARBON DERIVATIVES OF CYCLOPROPANE | 93 


SPIROPENTANE 


Spiropentane was prepared by the debromination. of 
pentaerythrityl tetrabromide (ref. 44) with zinc dust in the 
presence of sodium carbonate and sodium iodide. The re- 
action was conducted by adding small portions of the pow- 
dered tetrabromide to a slurry of the zinc dust, sodium car- 
bonate, and sodium iodide either in molten acetamide or in 
75 percent ethanol (ref. 39). The hydrocarbon product was 
distilled from the reaction mixture as it formed, and was col- 
lected in receivers chilled with a mixture of solid carbon 
dioxide and acetone. In addition to spiropentane, two other 
hydrocarbons were obtained from the reaction, namely, 
methylenecyclobutane and 2-methyl-l-butene. Some typi- 


cal experiments are summarized in the following table 


Yields of products, percent 


(ref. 39): 


. Reactants, moles 


These data indicate that the reduction in either solvent gives 
nearly identical yields of spiropentane, but that the reduction 
in ethanol gives ten times the quantity of methylenecyclo- 
butane as the reduction in acetamide. For preparations of 
sufficient size so that precise fractional distillations can be 
employed to separate the products, reduction in ethanol is 
the preferable method, especially if methylenecyclobutane 
as well as spiropentane is desired. For small preparations of 
spiropentane, the reduction in acetamide may be more suit- 
able (ref. 45). | 

The physical properties of spiropentane are given in the 
following table with those values previously obtained: 


Hydrocarbon 


The infrared spectrum of spiropentane is shown in figure 
14. "The absorption band characteristic of the cyclopropyl 
ring is located at 9.54 microns, & shorter wavelength than in 


Transmission, percent. 


| 
Wavelength, microns 


FIGURE 14.—Infrared spectrum of spiropentane. Liquid phase; 0.1-millimeter cell. 
Upper trace, diluted 1:10 with carbon tetrachloride; lower trace, undiluted. 


any of the other compounds prepared in the present in- 
vestigation. Such a shift in the absorption is not entirely 
unexpected, because the force constants in the spiro structure 
would be different from those in the other cyclopropanes. 


DIETHYL CYCLOPROPANE-1,1-DICARBOXYLATE 


The diethyl cyclopropane-1,1-dicarboxylate was prepared 
by the method of reference 46 in which a solution of sodium 
ethoxide, obtained by dissolving 365 grams (16.5 g-atoms) 
of sodium metal in 5500 milliliters of absolute ethanol, was 
added dropwise to a mixture of 1275 grams (8 moles) of 
ethyl malonate and 1550 grams (7.2 moles) of ethylene. 
bromide. The products of the reaction were distilled at 10 
millimeters of mercury pressure, and the material boiling 
between 80° and 120° C was collected for subsequent frac- 
tionation at about 50 theoretical plate efficiency at atmos- 
pheric pressure. The yield of diethyl cyclopropane-1,1- 
dicarboxylate was 495 grams (33 percent). Several frac- 
tions of constant refractive Index were combined and passed 
through silica gel in order to obtain the sample used for the 
determination of physical properties and infrared spectrum. 


"The physical properties are compared in the following table 


with values previously reported: 


Diethyl оргорапе-1,1- 
m NL iei | 
Ref. 47 ..----------------.. 


The infrared spectrum of diethyl cyclopropane-1,1- 
dicarboxylate is shown in figure 15; strong absorption is 
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FIGURE 15.—Infrared spectrum of diethylcyclopropane-1,l1-dicarboxylate. Liquid phase; 

0.1-millimeter cell. Upper trace, diluted 1:10 with carbon tetrachloride; lower trace, 
undiluted. 


observed at 5.8 microns, the region in which carbonyl groups 
absorb strongly, and also at 9.70 microns. The 9.70-micron 
band is undoubtedly that band characteristic of the cyclopropyl 


INFRARED ABSORPTION CHARACTERISTIC OF 
CYCLOPROPYL RING 


The difficulty in establishing the presence of the cyclo- 
propyl ring in organic molecules by chemical means has 
promoted interest in identifying the presence of the ring by 
infrared techniques.. Infrared absorption bands in three 
regions of the spectrum have been proposed to offer а means 
of identifying the cyclopropyl ring. In reference 4 bands at 
9.75 and 11.55 microns were employed. The authors of 
reference 48 found that in the spectra of 14 cyclopropane 
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hydrocarbons a strong band was present between 9.8 and 
10.0 microns, but that strong &bsorption did not occur con- 
sistently at 11.6 microns. It was reported recently in refer- 
ence49 that study of the 3- to 4-micron region with a lithium 
fluoride prism disclosed that all the cyclopropane derivatives 
investigated had absorption bands at 3.28 and 3.32 microns 
which were characteristic of the C-H vibrations of the cyclo- 
propyl ring system. 

The infrared spectr& of the 34 cyclopropane derivatives 
reported herein have been examined in each of the three 
regions proposed previously. Unfortunately, a critical 
examination of the 3- to 4-micron region could not be made 
in the present work, because the sodium chloride prism, em- 
ployed in determining the spectra, does not give sufficient 
resolution to separate both the 3.23- and 3.32-micron cyclo- 
propyl ring С-Н bands from other carbon-hydrogen bands 
in this region. An examination of the spectra of the diluted 
samples does disclose that many of the cyclopropane deriva- 
tives have bands at 3.232-0.02 microns and at 3.334 0.02 
microns. In compounds such as vinylcyclopropane, dicyclo- 
propyl, cyclopropyl chloride, and spiropentane, in which 
there is little interference from carbon-hydrogen bands other 
than those of the ring, the 3.23- and 3.32-micron bands show 
up clearly (table I). 

Nearly all the cyclopropane derivatives show strong 
absorption between 11 and 12 microns; however, the posi- 


‘tion of the absorption which might be characteristic of the 


cyclopropyl ring is difficult to determine because of the 
broadness of the absorption. Interfering absorption from 
certain olefinic structures also occurs in this region. 

The absorption which appears to be most promising for 
determining the presence of the cyclopropyl ring is that used 
in reference 48. In the spectra of all the cyclopropane 
compounds prepared in the present investigation, a strong 
band was observed at 9.7 to 9.8 microns (table П). In 
only a few instances was the band shifted appreciably from 
this region, and in these instances, for example, in spiro- 
pentane and in írans-1,2-dichlorocyclopropane, the shift 
jn absorption is not entirely unexpected. Not only is the 
absorption strong in the undiluted spectra, but it is per- 
sistent also upon dilution. 


MOLECULAR REFRACTION OF CYCLOPROPANE 
DERIVATIVES 


The experimentally observed molecular refractions of 
cyclopropane compounds -are generally higher than those 
calculated from the atomic and group refractivities. This 
difference in observed and calculated values was interpreted 
by Tschugaeff (ref. 50) to result from a contribution to the 
refraction by the three-carbon ring structure. From a 
comparison of observed and calculated refractions of three 
cyclopropane derivatives and several bicyclic terpenes 
which had three-carbon rings in their structures, Tschugaeff 
estimated the magnitude of the ring contribution to be 
about 0.7. А more comprehensive investigation by Ostling 
(ref. 51) yielded’ a value which agreed well with that of 
reference 50. Subsequent investigations, however, showed 
that the difference between observed and calculated molec- 
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Шаг refractions varied considerably among different classes 


of cyclopropane derivatives and even among members of thc 
same class (refs. 26, 27, and 52). Data obtained in thc 
present work (table IIT) also showed this variation in AM g. 

. The lack of agreement among the АМ» values from variou. 
classes of cyclopropane derivatives and even among member: 
of an homologous series is not surprising. It must bc 
assumed in determining ring contribution by this procedurc 
that the atomic and group refractivities are truly constant 
and additive. Atomic and group refractivities, however. 
are constant and additive only within limitations (rof. 53) 
and as the character of the atoms or groups in the structurc 
is varied, the atomic and group refractivities also vary 
Consequently, AM reflects not only ring contribution, but 
also deviations from constancy of the atomic and groug 
refractivities used to determine the calculated molecula 
refractions. 

In а recent investigation, Jeffery and Vogel (ref. 47) em- 
ployed & procedure for determining ring contribution that 
reduces the effect of inconstancy of atomic and grou 
refractivities. The observed molecular refraction of a 
structurally similar acyclic compound is subtracted from the 
sum of the observed molecular refraction of the cyclo- 
propane compound and two hydrogen atomic refractivities: 


С 
|4 + у СН = Ring contribution 
Н, R” Н. В 


From data obtained principally with alkyl cyclopropanc 
mono- and dicarboxylates, the ring contribution to thc 
molecular refraction was calculated to be 0.614 (ref. 47). 

Vogel’s procedure has been used in the present work tc 
determine the ring contribution in the cyclopropylalkanes and 
in some of the cyclopropylalkenes (table IV). A nearly con- 
stant value for ring contribution among the cyclopropyl- 
alkanes is obtained by this procedure in contrast to the 
inconstant АМ» in table III for the same compounds. Al- 
though Vogel's procedure minimizes the effect of environmont 
on the atomic refractivities of carbon and hydrogen, the dis- 
crepancy between the ring contribution obtained with.the 
cyclopropylalkanes and that obtained with the cyclopropane 
carboxylates, 0.44 and 0.614, respectively, indicates that 
the nature of the ring substituents also influences the ring 
contribution. While it may be said that the compound: 
used by Vogel are capable of conjugation between the cyclo- 
propyl ring and the carbonyl double bond, and that the 
value 0.614 includes exaltation due to conjugation, never- 
theless, environmental factors influence the combined offects 
of ring contribution and conjugation as indicated by the 
data in table IV*for the cyclopropylalkenes, methyl cyclo- 
propyl ketone, and diethyl cyclopropane-1,1-dicarboxylate. 

Because of the varying influence of the substituent group. 
on the cyclopropyl ring, it is doubtful that any of the pro- 
posed values will adequately express for all structures the 
contribution of the cyclopropyl ring to the molecular refrac- 
tion. The calculation of molecular refraction of cyclopro- 
pane derivatives can, therefore, at best give only an approxi- 
mation of the аи refraction. 
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CONCLUDING REMARKS i 


The methods of synthesizing and purifying 34 hydrocarbon 
and nonhydrocarbon derivatives of cyclopropane were dis- 
cussed, and the physical properties and the infrared spectra 
of each of the compounds were presented. 

It was found that a series of cyclopropylalkenes could be 
prepared by dehydrating appropriate alkyl- or methylalkyl- 
cyclopropylearbinols, either with concentrated sulfuric acid 
or with alumina at temperatures between 200? and 300? C. 
Furthermore, in the presence of а barium-promoted copper 
chromite catalyst, the cyclopropylalkenes were catalytically 
hydrogenated to the corresponding cyclopropylalkanes. 
The position of the double bond was found to greatly influ- 
ence both the ease of hydrogenation and the yield of products. 
The cyclopropyl-l-alkenes hydrogenated readily at 100° C 
to give the corresponding cyclopropylalkane and only 1 to 2 
percent of paraffinic product, whereas the cyclopropyl-2- 
alkenes hydrogenated sluggishly even at higher temperatures 
to give 15 to 17 percent of paraffinic product in addition to 
the cyclopropylalkanes. In the hydrogenation experiments, 
additional evidence was found to support the proposal that 
conjugated cyclopropylalkenes can add hydrogen by both a 
1,2- and & 1,4-mechanism. 

Dicyclopropyl, the smallest of the divano hydrocarbons, 
was prepared for the first time. Spiropentane, the smallest 
of the spiro hydrocarbons, was also prepared. 

Infrared absorption bands characteristic of the cyclo- 
propyl ring were discussed, and some observations were made 
on the contribution of the cyclopropyl ring to the molecular 
refractions of cyclopropane derivatives. 


LEgwis Ктлант PROPULSION LABORATORY 
NATIONAL ADVISORY COMMITTEES FOR AERONAUTICS’ 
CLEVELAND, Онто, August 15, 1952 
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TABLE L—CARBON-HYDROGEN ABSORPTION BANDS IN INFRARED SPECTRA OF CYCLOPROPANE DERIVATIVES 


Wavelength, microns 
Cyclopropane derivatives 


3.21-3.25 3.26-3.30 3.31-3.35 3.36-3.40 3.41-3.45 3.48-3.50 3.51-3.55 


2-OCyclopropylpropane.._....--.-------------.--- 3. 323 
2-Oyclopropylbutane......------.--.------------ : 
2-Cyclopropylpentane...........................] 3.208 | .......-. | --------- 
2-Оусо1оргоруШюехапё......---------------—-----[ omm Ae d. 20 || әш 
2-Oycelopropyl-3-methylbutane...................| -....—.-- | 8.268 | .......-. 


Vinyleyclopropane.___.....-.-.----------------. 
2-Cylclopropyipropene..._.-...-....--..-------- 
2-Cyclopropyl-l-butene..___--.----.---.--------- 
2-Oyclopropy}-l-pentene..__.-.-.........-------. 
2-Cyclopropyl-1-hexene....----.--.--.----------- 
2-Oyclopropyl-3-methyl-I-butene 


` 2-Oyclopropyl-2-butene (1. b.).....---------.---- 


2-Oyclopropyl-2-pentene (L b.) .............-...- 
2 OyeloproDvi-2 м |$ ЖЯ 3 ec 


2-Oyclopropyl-2-butene (В. b.)..............-. —. 


2-Oyclopropyl-2-pentene (В. b.)...............--- 
2-Oyclobropy]-2-hexeno (Н. OR ERRARE 


Вр!гореп(апе „-..------------------------------- 
Оюудоргору а КИ EE S wed nU 


T aret dae am ropylearbinol..........----..------ 
Dimethyleyclopropylcarbinol...................- 
Methylethyloyelo ropylcearbinol................. 
Methylpropyloyclopropylearbinol..............- 
Methylbutyloyclopropylcarbinol...............- 
. Methylisopropylcyclopropylearbinol...........- 


Oyclopropyl оМїог1де..-.-.-----------..-.------ 
1, 1-D[ehlorocyclopro т НИНЕ 
trana-1, 2-Dichlorocyclopropane.................. 


ewer eee ae 


$9 $9 69 po 09 
59855 


тру cyclopropyl аеюпе...--..----.--.------------ 
Buty 
Isopropyl cyclopropyl ketono...................- 


Diethyl cyclopropane-l, 1-dicarborylate........- 


a The symbol s denotes band which shows only as a shoulder on a stronger absorption. 
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TABLE IL.—CHARACTERISTIC ABSORPTION IN INFRARED TABLE IIL—MOLECULAR REFRACTIONS OF 
FOR CYCLOPROPYL RING CYCLOPROPANE DERIVATIVES 
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Cyclopropane derivative 


2. ре 
raphe a a ше. 

: т. 

2-Cyclopropy13-methylbutane.- шз ы Ed OE 


2-Cyclopropyl 

2-Oyclopropyl 

2-Oyclopropyl 
2-Oyclopropylhexane 
2-Oyclopropyl-2-methylbutanoe... 


2-Сусоргоруі 
2-Cyclopropyl3-methyl-1-butene 


Le ie MALA опаа o. iom TRUM REMO IE 
- opropyl- е 
а оао 12 Пепа (L b.) 


ра опре c: 3; 
оргору]- tene (h. b.).............- ES 
2-Oyclopropyl-2-hexene (В. b.). --------.------- 


Spiropentans 
DicyclopropyL 


Methyleydo pylearbinol. 
Dimeth diop propylearbino].................. 
Meibylethrloyelo pylearbinol. 
yiprop у opropylearbinol 
Methyl tyicyclopropylcearbinol..............- 
ethylisopropylcyclopropylearbinol . 
Cyclopropyl chloride 
1,1-Dichlorocyclo орғоре 
trans-1,2-Dlchlo 


c end cyclopropyl ketone 


SENNIE | SISSE 
За5288 | че 


2-Oyclopropy]-2-butense (1. b.).........—...- 
2-Oyclopropyl-2-pentene (1. Ъ.)-------------- 
2-СусюргоруЕ-2-Вехепе (1. b.)............... | 


Ор buteno YN b. Ө M 
-Oyclopropyl- e 
л (h. b.) 


Spiro 
Dicyelo 


BS | S83 | S88 | ZIZIN ВЕБ 


xis 


M 
Dime 


NET торор 


Methyl eyclopropy 
Mothylisopropyloy clopropylearbindl. 


Cyclopropyl chloride 
1,1-D1 А а о 
(іапэ,2-іеогосус 


SEERE E 


© Юю | ррр | рор оо | юр | рор | рорю | oppppp| ppppp 


3558581 S83 


кз oyclopropyl ketono................ ..-.- 
PB cyclopropyl Беїопө..--.------.-------.- к 
tyl cyclopropyl ketone 
Баку сух cyclopropyl ketone. ............... = da 
Diethyl cyclopropane-1,1-dicarboxylate ugs e dgroup r а 
nri a7 i — M z (observed). 


TABLE IV — CONTRIBUTION OF CYCLOPROPYL RING 
TO MOLECULAR REFRACTION 


` “п Es C m R’ 
Ring contribution= | ‘O° + 2Н=— of 
R” H3 R^ 


conti 


Cyclopropane derivatives 
bution 


2-Methylpentane.. ..... 
3-Methylhexane.. ...... 
4-Methylheptane........ 
2, 3-Dimethylhexane.... 


2-Oyclopropylpropane...... 
2-Oycelopropylbutane.. .... 
2-Oyclopropylpentane.... .. 
cloptonylo-methyIbu- 


Vinylcyclopropane.......... 
2-Oyclopropylpropene. ..... 
2-Oyclopropyl--butene..... 


Methyl cyclopropyl ketong- 


Diethyl cyclopropane-1, 1- 
dicarborylate. , 


2-Methyl1-pentene__.__. 
2-Ethyl--pentene..... vs 


Diethyl ethyImalonate.. 


деду for hydrogen taken from reference 54. 

m 
* Includes ring contribution plus any exaltation accompanying conjugation. 
d From reference 56. 

' - e From reference 57. 


